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TUBING ANCHOR

This invention relates to a tubing anchor, such as a
liner hanger, that is a arrangement for locating and
sealing a section of liner downhole relative to an existing
casing. The invention also relates to a method and
apparatus for use in providing such an anchor or hanger.

In oil and gas exploration and extraction, it ig
conventional to line the bores drilled to access subsurface
hydrocarbon-bearing formations with steel tubing. The
upper section of a bore is typically lined with steel
"casing", while the lower section of the bore is provided
with "liner", which is hung off the lowermost section of
casing. The liner is secured and sealed to the casxng
using a liner hanger comprising an arrangement of alzps and
elastomer seals, which seals may also serve to energise the
slips.

Conventional liner hangers are relatively complex and
expensive and occupy a significant annular space, necessary
to accommodate both the gripping »alip segments which
support the weight of the liner and resist the differential
pressure forces which may be generated across the
liner/casing overlap and the élastomeric seals which
prevent pressure leakage paat the overlap. Accordingly,
there may be a-gignificant loss in bore diameter at the
liner: for example, accomﬁodatiqn of a 7* diameter ;ine;

normally. requires provision -of a 9°'5/8* diameter casing,
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and a 5" liner a 7" casing.

The maintenance of the integrity of the elastomeric
seals used in conventional liner hangers hag also proved
problematic, particularly in high pressure high temperature
wells, which are becoming increaeingly moie common .

In the majority of cases, the liner sgection will be
cemented in place, by pumping cement slurry down through
the liner and back up the annular sSpace between the liner
and the borehole wall. Recent developments have resulted
in the provision of mechanisms which allow the liner to be
rotated during the cementing process, to improve cement
coverage around the liner and the subsequent bond between
the liner and the bore wall. These mechanisms typically
consist of bearings which isolate the slip and geal
sections of the liner hanger while the casing is fotated
from surface via the liner running tool asgembly.

In addition, circulating ports are provided in the
liner hanger to allow fluid displaced from the annulus by
the cement slurry to bypass the liner hanger mechanism to
the point where returning cement can algo pass the liner
hanger before the liner is £inally set, thus ensuring that
the annulus is filled with uncontaminated cement slurry.

The provision of thege bearings and circulating ports
add further complexity to an already complex system.

It is among the objectives of embodiments of the
present invention to provide a liner hanger arrangement
which obviates and mitigates at least some of ‘these

disadvantages. 1In particular, embodiments of the présent~
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invention provide relatively simple liner hangers which
occupy only a very limited volume and which utilise meta]-
to-metal sgeals.

It is among the objectives of other embodiments of the
bresent invention to provide a downhéle method and
apparatus for anchoring tubing, particularly expandable
tubing, to a section of existing casing.

According to one aspect of the. present invention there
is provided a method of installing a liner in 3 drilled
bore below a section of bore pPreviously lined with casing,
the method comprising the 8tepa of:

running a length of liner into the bore such. that at
least an upper end of the 1liner is positioned in
overlapping relation with at least a lower end of the
casing; and

pPlastically deforming a portion of the liner such that
an external face of gaid portion fofms an interference fit
with an internal face of a portion of the casing to provide
at least one of hanging support for the liner and a fluid-
tight seal between the liner and casing.

The invention also relates to liner and casing for use
in the method. In one embodiment of the invention, at
least the portion of 1liner to be expanded is of 3
relatively ductile material.

The plastic deformation of the portion of liner to
Create an interference fit with the casing and provide

hanging support for the liner obviates the requirement to

.provide sglips or the 1like on the 1liner, and 'also" a
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mechanism to energise the slips, and thus the liner outside

diameter may be relatively close to the inside diameter of

the casing. The creation of flui&-tight: seal obviates the
requirement to provide conventional elastomeric sealg
requiring setting and energising. .

Preferably, said portion of liner is deformed by
rolling expansion, that is an expander member i)s rotated
within the liner with a face in rolling contact with an
internal face of said portion. The expander member may
describe the desired diameter and is preferably urged
radially outwardly into contact with the 1liner,. Such
rolling expansion causes compressive plastic deformation or
yield of the liner and a localised reduct‘ion in wall
thickness resulting in a Subsequent increase in .liner
diameter.

Preferably, said deformed portion of the liner is
annular.

Preferably, the portion of liner is deformed to create
a pressure-tight seal between the liner and casing. Most
preferably, the seal formed is a metal-to-metal seal.
Conveniently, the portion of liner includes a relatively
soft material, such as a relatively soft metal, which is
plastically deformed during the expansion of the 1liner
portion. The soft metal may be provided as an annular
coating or insert. In other embodiments other sealing
materials may be utiligsed, such as elastomers, or the
relatively soft matgrial may be provided on the casing.

The portion of liner may be deformed to extend into or
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otherwise engage a preformed profile in the casing. A step
of a method in accordance with an embodiment of the
invention may involve deforming the casing to define the
profile prior to running the 1liner into the bore,
Alternatively, the portion of casing may also be deformed
together with the liner, and the deformation of the casing
may be elastic or plastic. The liner may be deformed at
two or more axially spaced locations. Thus, the liner, and
possibly also the casing, may be deformed to define a
ﬁluraiity of axially spaced profiles.

The liner may be initially secured in the casing, at
least against relative rotation, by deforming the liner, in
particular by radially extending circumferentially spaced
areas - of the liner to form corresponding areas of
interference fit between the liner and the casing.
Preferably, these areas are then extended circumferentially
to form annular areas of interference fit between the linér
and casing.

The portion of the liner may .carry relatively hard
material on itslexternal face, which material will tend to
bite into the opposing faces of the liner and casing to
provide a more secure coupling therebetween. The material
is preferably in the foxrm of relatively small discrete
particles or pieces, such ag balls, chips or the like of
relatively haxd metal such as tungsten carbide. The hard
material may be held in a matrix of softer material.

‘The method may further comprise the step of cementing

the 1liner in the bore. This may be achieved by pumping
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cement from surface to the lower end of the liner,
preferably through a combined running and cementing string
and tool, directing the cement into the annulus between the
liner and the bore wall and displacing well fluid from the
annulus, to substantially £ill the annulus with cement.
Preferably, the portion of the liner is expanded once the
cement is in place in the annulus; the displaced well fluig
may therefore pass between the upper end of the liner and
the lower end of the casing. Preferably, the liner is
rotated as the cement is passed into the ‘annulus; thus,
there is preferably a releasable coupling between tha
running tool and the liner to permit transfer of torque
therebetween.

Preferably, the liner is run into the bore on a
running/tool carrying an expander including a body and at
ieast oné radially extendable member mounted thereon, the
Tunning tool being rotatable to move the member around the
portion of the liner to create ' the desired deformed
portion. Preferably, the member is a rolle;, and the
roller may define a raised surface portion to create a high
Pressure contact area. The expander may be provided with

two or more rollers, and a plurality of the rollers may be

radially movable. Most preferably, the member is fluid

bressure actuated, but in other embodiments may be
mechanically actuated. Conveniently, the member is coupled
to an axially movable fluid Pressure actuated piston, the
piston defining a cam face'for engaging a cooperating cam

face on the member. 1In othei‘embodiments. the expander may
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include a cone or the like, and the cone may carry a number
of rollers for engaging and expanding the liner. A
cleaning pig, a wiper, or the like may be run through the
liner running striﬂg and expander prior to activating the
expander. .

According to a further aspect of the present invention
there is provided a method of securing a liner in a drilled
bore to a section of previously fitted casging, the method-
comprising the stép of circumferentially expanding a
portion of the liner by compressgive plastic deformation to
produce a localised reduction in wall thickness such that
an external face of sﬁid portion forms an interference fit
with an internal face of a portion of the casing to provide
at least one of hanging Bupport for the liner and a fluid-
tight seal between the liner and casing.

Preferably, said portion of liner is deformed by
rolling exp;nsion, that is an expander member is rot&ted
within the liner with a face in rolling contact with an
internal face of said portion. The expander member may
describe the desired diameter and ié preferably urged
radially outwardly into contact with the liner.

According to another aspect of the present invention,
there is provided a liner running and setting tool
comprising: a body for mounting on a running string and for
location within a portion of liner to be positioned within
a portion of casing; and a radially movable exﬁander member
mounted on the body, the member being movable to

plastically deform the liner portion such that an éxtérnalu
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face of the portion forms an interference fit with an
internal face of the casing portion to pProvide at least one
of hanging support for the liner and a fluid-tight gea)
between the liner and casing.

Preferably, the tool is adapted té be selectively
rotatable relative to the liner and the expander member ig
a roller such that the portion of liner may be deformed by
rolling expansion, that is the expander member is rotated
within the liner with a face in rolling contact with an
inteéxrnal face of said portion. Preferably, the roller
defines a raised surface portion to create a high pressure
contact area. The tool may be provided with two or more
rollers, and a plurality of the rollers may be radially
movable. |

Preferably, the member is fluid pressure actuated.
Conveniently, the member is coupled to an axially movable
piston, the piston defining a cam face for engaging a
cooperating cam face on the member. In other embodiments,
the expander may include a cone or the like, and the cone
may carry a number of rollers for engaging and expanding
the liner. Aiternatively,‘the members may be piston
mounted. The tool may‘include axially spaced expansion
members, whereby the liner may be deformed simultaneously
at two spaced lacations. However, it is preferred that the
expansion of the liner occurs only at one axial location at
a time; the expansion member may then be moved axially
within the liner to another location if desired.

Preferably, the tool defines a throughbore to peimit
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cement to be passed through the tool.

Preferably also, the tool comprises a coupling for
releasably engaging the liner to permit transfer of torque
therebetween. The coupling mayvbe released on activation
of the expander member, to permit rot;tioﬁ of at least the
expander member relative to the liner.

The tool may be provided in combination with a section
of liner, wherein at least the portion of liner to be
expanded is of a relatively ductile material. Preferably,
the portion of liner includes a relatively soft material on
an outer surface thereof, such as a relatively soft metal,
which may be plastically deformed during the expansion of
the liner portion. The soft metal may be provided as an
annular coating or insert. In other embodiments other
sealing materials may be utilised, such as elastomers. The
portion of the liner may carry relatively hard material on
ites external face, which material will tend to bite into
the opposing faces of the liner and casing to provide a
more secure coupling therebetween. The material is
preferably in the form of relatively small discrete pieces,
such as balls, chips or the like of relatively hard metal
such as tungsten carbide. The hard material may be held in
a matrix of softer material.

According to a still further aspect of the present
invention there is provided a solid liner wherein at least
a portion of the liner is of a relatively ductile material,

to facilitate deformation and circumferential expansion

thereof.
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Said portion of the liner may be formed by selectively
heat treating a section of the liner, or may be formed of
a different material and be coupled, for example by welding
or via a screw thread, to the less ductile portion of
liner. .

According to a still further aspect of the present
invention there is provided a method of anchoring
‘expandable tubing downhole, the method comprising: running
a section of expandable tubing into a bore such that at
least a portion of the expandable tubing is located within
of a section of existing tubing; locating a radially
extendable tool within said portion; and activating said
tool to plastically deform and circumferentially expand
said portion into contact with the existing tubing and
anchor the expandable tubing thereto.

The invention thus allows a section of expandable
tubing to be anchored in a bore without requiring the
provision of conventional anchors, tubing hangers or
coupling arrangements, such as radially extendable keys and
corresponding profiles.

Said portion of the expandable tubing will typically
be an end portibn of the tubing, Qnd may be the leading or
following end of the tubing.

Preferably, relatively ductile material, typically a
ductile metal, is provided between the portion of

expandable tubing and the existing tubing, and conveniently

- the material is carried on 't:h.e outer surface of the

expandable tubing. Thus, on expansién .O0f the inner tubing ’
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the ductile material will tend to flow or deform away from
the points of contact bet:w-een the less ductile material of
the expandable tubing anad existing tubing, Creating a
relatively large contact area; this wil] improve the
quality of the seal between the sections ;Jf tubing. Most
preferably, the material is provided in the form of a
plurality of axially spaced bands. ‘I'hé expandable tubing
and the existing tubing will typically be formed of steel,
while the relatively ductile material may be lead or
another relatively soft metal, or may even be an elastomer.

Preferably, relatively hard material may be provided
between the portion of expandable tubing and the existing
tubing, such that on circumferential expansion of the

expandable tubing the softer material of one or both of the

_expandable and existing tubing deforms to accommodate the

harder material and thus facilitates in anchoring the
expandable tubing. Most preferably, cthe relatively hard
material is provided in the form of ‘relatively small
individual elements, such as sharps, grit or balls of
carbide or some other felacively hard material, although
the material may be provided in the form of bands or the
like. Most preférahly, the relatively hard material isg
carried in a matrix of relatively ductile material.
Preferably, the radially extendable tool is run inte
the bore together with the expandable tubing. Preferably,
the tool defines a plurality of circumferentially spaced
tubing engaging portions, at least one of which is radially

extendal.:le.- Preferably, the tool is rotated following
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extension of said at least one tubing engaging portions to
produce an circumferential comtact area between the
expandable tubing and the existing tubing.

Preferably, following anchorlng of the expandable
tubing in the existing tubing, the tool is advanced through
the tubing to expand the tubing.

According to another aspect of the present invention
there ig provided apparatus for use in anchoring expandable
tubing downhole, the apparatus. comprising a body for
location in a portion of expandable tubing and carrying a’
Plurality of c1rcumferent1a11y spaced ‘tubing engaging
portions, at least one of the tubing engaging portions
being radially extendable to increase the effective
diameter defined by the tubing engaging portions and to
produce plastic deformat1on of the expandable tubing where
the tubing engaging portions contact the expandable tubing
sufficient to anchor the expandable tubing in a surrounding
tubing.

The invention also relates_to the use of such an
apparatus to form an anchor.

Preferably, the apparatus comprises at least two and
preferably three tubing engaging portions.

Preferably, the tubing engaging portions define
rolling surfaces, such that following radial extension of
said-at least one tubing engaging portion the body may be
rotated to create a circumferentially extending area of
contact between the expandable tubing -and the sutround;ng

tubing. 1In other embodiments the extension may be created
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in a step-wise fashion.

Most preferably, the tubing engaging portions are in
the form of radially movable rollers. The rollers may have
tapered ends for cooperating with tapered supports, At
least one of the tapered supports may be axially movable,
such movement inducing radial mermént of ﬁhe rollers.
Preferably also, each roller defines a circumferential rib,
to provide a small area contact surface.

Preferably, said at least one tubing engaging portion
ia fluid actuated. Most preferably, the tubing engaging
portion is coupled to a piston; by providing a relatively
large piston area with regpect to the area of the portion
which comes into contact with the tubing it ig posgsible to
produce high pressure forces on the tubing, allowing
deformation of relatively thick and less ductile~materials,
such as the thicknesses and grades of gteel conventionally
used in downhole tubing and casing. Most preferably, a
support for the tubing engaging portion is coupled to a
piaton, preferably v)ia a bearing or other means which
permits relative rotational movement therebetween.

The apparatus may be provided in conjunction with a

. downhole motor, or the apparatus may be rotated from

surface.

These and other aspects of the present invention will
now be described, by way of example, with reference to the
accompanying drawings, in which:

Figures 1 and 2 are schematic illustrations of ;hé

-formation of a liner hanger in accordance with a first
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embodiment of the present invention;

Figures 3 and 4, Pigures s and 6, Figurea 7 ang 8,
Figures 9 and 10 and Figures 11 and 12 are schematic
illustrations of the formation of liner hangers in
accordance with other embodiments of the present invention;

Figures 13 to 17 are schematic views illustrat;ng
steps in the running and setting of a liner in accordance
with a preferred embodiment of the present invention; and

Figures 18 and 19 are schematic sectional plan viewa..
on lines 18-18 and 19-19 of Figures 15 and 16 respectively,
illustrating the initial temporary setting of the liner.

A variety of liner hangers in accordance with
embodiments of the present invention will first be
described, folloyed by a description of an apparatus and
method which may be utilised to form the hangers.

Reference is first made to Figures 1 and 2 of the
drawings which are schematic illustrations of the formation
of a liner hanger 10 in accordance with a first embodiment
of the present invention. The figures show the lower end
of a section of pre-installed casing 12 and the upper end
of a section of liner 14 which has been run into a borehole
lined with casing 12. The upper end of the liner 14 is
positioned in overlapping relation with.che lower end of
the casing 12.

The casing 12 features -two axially spaced annular
female profiles- 16, 17. As will be described, the upper
end of the liner 14 is deformed by rolling expansion, that

is an expander member in the form of a roller is rotated
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within the liner 14 with a face in rolling contact with the
internal face of the liner, to cause compresgive plastic
deformation of the liner 14 and a localiged reduction in
wall thickness resulting’in 3 subsequent increase in liner
diameter, as is apparent from Figure 2. The expansion is
carried out in two steps, and the expanding rollers feature
a raised portion or rib such that the liner 14 experiences
greater deformation at the area in contact with the raised
portion, the raised portion being located adjacent the
casing profile 16, to form a corresponding male profile 13
in the liner 14. A second male profile 19 ig created by
moving the roller expander to a second lower location for
the second step of the expansion process.

The interference fit between the expanded liner 14 and
the casing 12, and also the cooperation between the
profiles 16, 17, 18 and 19 is such that the resulting liner
hanger 10 provides both hanging support for the liner 14
and a pressure-tight seal between the liner 14 and the
casing 12.

To enhance the grip between the liner 14 and the
casing 12, the liner 14 carries chips of carbide 20 held in
a matrix of softer metal; on deformation of the liner 14,
the carbide chips bite into the opposing faces of the liner
14 and casing 12.

ﬁeference is now made to Figures 3 and 4 of the
drawings, which illustrate a liner hanger 24 in accordance
with a second emquiment of the present invention. The

method of forming the liner hanger 24 is substantially the
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same as described above, however the liner 26 ig provided
with bands of relatively soft material 28, 29 at the
locations corresponding to the casing profiles 30, 31.
Accordingly, when the liner 26 is deformed to Create the
male profiles 32, 33, the bands of ductile metal 28, 29
extend into the casing profiles 29, 30 and deform to
provide a sealing contaét with the opposing surfaces of the
profilea 29, 30.

Reference is now made to Figures 5 and ¢ of the
drawings, which illustrate a liner hanger 36 in accordance
with a third embodiment of the present invention. Like the
second embodiment, the liner 38 carries bands of relatively
ductile material 39, 40, however there are no preformed
profiles provided in the casing 42. In this embodiment,
sufficient internal force is applied to the liner 38 to
cause compressive plastic deformation of the liner 38 and
subsequent radial expansion of the casing 42 up to and
exceeding the casing yield point.

Reference is now made to Figures 7 and 8 of the
drawings, which illustrate a liner hanger 36 in accordance
with a fourth embodiment of the present invention. 1In this
embodiment, sufficient internal rolling compression and
subsequent expansion of the upper section of the liner 48
creates high radial interference between the outside
diameter of the upper section of the liner 48 and the
inside diameter of the lower section of the casing 50.

Reference is now made to Figures 9 and 10 of the

drawings, which illustrates a liner hanger 54 in accordance
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with a fifth embodiment of the present invention. The
method of formation of the liner hanger is similar to that
of the liner hanger 46 as described above, however in thig
embodiment the outer face of the upper sectlon of the liner
56 carries a band of ductile metal 58 and an amnular
elastomeric seal 60, such that on expansion of the liner sg
the metal 58 is deformed and flows between the liner sg and
the casing 62, and the seal 60 is brought into‘aealing
contact with the casing 62,

Reference is now made to Figures 11 and 12 of the
drawings which illustrates a liner hanger 66 in accordance
with a sixth embodiment of the present invention. In this
embodiment, the casing 68 is formed of expandable tubing
which has only been partially expanded at its lower end 70
to form a cone 72. The liner 74 is then run into the
casing 68 and the liner top 76 expanded to form a matching
cone 78 to the casing cone 72, such that the liner 74 may
be hung from the caging 68. The upper end of the liner 74
is then subsequently expanded by compreasive deformation to
Create a pressure seal, as illustrated in Figure 12.

Reference is now made Figures 13 through 17, which
illustrate the stages in the running and cementing of a
liner in accordance with a preferred embodiment of the
present invention, and also illustrate the apparatus which
may be utilised‘to form a liner hanger.

Reference is first made to Fiqure 13 of the ‘drawings,
whxch 111ustrates the liner 100 which has been run into the

uncased section of a bore 102, below the lowermosiAcésing,

\
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section 104. An upper section of the liner 100a overlaps
the lower end of the casing 104, thig section of liner 100a
being formed of a relatively ductile material and being
welded to the upper end of the lower sectlon of liner 100b.
The 1liner 100 is run in to the bore on a rumning and
cementing string 106, the liner 100 being mounted to the
string 106 via a rotary hydraulic expander 103 and a
locking swivel 110. The expander 108 is located at the
upper end of the liner, with the swivel 110 below, and a
wiper plug 112 is mounted to the lower end of the swivel
110. The liner 100 itself defines a stop collar 114 and
the lower end of the liner 100 is provided with a float
shoe 116 including two one-way valves 118.

The liner 100 is coupled to the swivel 110 by a series
of retractable pina whlch, in the initial configuration,
prevent relative axial movement between the string 106 and
the liner 100. A further series of pins extends from the
expander 108 and, in the initial configuration, prevent
relative rotational movement between the string 106 and the
liner 100.

From Figure 13 it will be noted that the expander 108
and swivel 110 are tubular, such that cement and other
fluids may be pumped from the surface through the string.
106, and the expander 108 and the swivel 110 through the
interior of the liner 100 and out.from the valves 118 in
the float shoe 116. As cement slurry is pumped in, as -
illustrated in Figure 14 of the drawings, the fluid xn the

bore externally of the liner 100, and in particular the
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fluid in the annulus 120 between the liper 100 and the
uncased bore wall 122 is displaced upwardly through the
annular gap 124 between the lower end of the casing and the
upper end of the liner. Thig fluid may be "clean* fluid
pumped through the string 106 ahead of the cement, in order
to displace the well fluid which originally occupied the
annulus 120,

As the cement is being pumped into the annulus 120 the
string 106 is rotated from surface, to ensure an even
distribution of cement throughout the annulus 1209.
Suitable seals located above and below the expander 108
bPrevent contamination of the expander by cement during the
cementing operation.

The predetermined volume of cement slurry that ig
pumped into the bore is followed by a dart 126, which ig
itself followed by cle#n mud or water; the dart 126 ig
pumped down through the string 106, the expander 108 and
the swivel 110. The dart 126 lands in the wiper Plug 112,
and pulls the plug 112 from the swivel 110.

The dart 126 then continues to move downwardly through
the string 106, with the wiper plug 112, to "clean® the
interior of the liner, until the Plug 112 engages the stop
collar 114, as shown in Figure 16.

At this point, the fluid pressure within the string
106 will increase, indicating that the cementing phase of
the 1liner hanging operation ig complete, and allowing
activation of the rotary hydraulic expander 108. Reference

should now also be made to Figures 18 and 19 of the
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drawings, which illustrate the schematic Sections on linesg
18 - 18 and 19 - 19 of Figures i1s and 1s, reepeccively.
The expander 108 comprises three rollers 128 mounteq ip a
body 130 and radially movable relatlve to thereto In the
pPreferred embodiment, the rollers 128 have tapered ends for
co- operatlng with a corresponding taper on an annular
piston which, when exposed to elevated string bore
Pressure, moves axially within the expander body 130 and
urges the rollers 128 radially outwards. Figure 138
illus:ratea the initial position of the rollers 128
relative to the liner 100 and casing 104 (it should be
noted that the diameters of the rollers 128 have been
exaggerated), and on application of elevated fluid Pressure
to the interior of the expander 108 the rollers 128 are
pushed outwardly, as illustrated in Pigure 19 of the
drawings. The outward movement of the rollers 128 is such
that the wall of the liner 100 is deformeq to create three
initial areas of contact 132 between the liner outside
diameter and casing inside diameter, which prevent further
relative rotation between the liner 100 and the casing 104.
The deformation of the liner 100 also disengages the liner
from the coupling pins on the expander 108, allowing
relative rotation between the expander 108 ang the'liner
100. ‘

The string 106 and expander 108 are then rotated from
surface, and thus the expandef 108 rotates relative to the

liner 100, the rollers 128 Progressing around the inner

diameter of the liner 100, in rollihg contact therewith.
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The contact between the rollers 128 and the 1liner 100

Causes compressgive plastic deformation of the liner 109 and

a2 localised reduction in wall thickness resulting in g
subsequent increase in liner diameter, such that the liper
outside diameter forms an interference fit'with the casing
inside diameter. Thus, a liner hanger, such ag those as
illustrated in Figures 1 to 12, may be created.

The running string 106, with the expander 108 and the
swivel 110, is then pulled out of the hole, as shown in
Figure 17, the locking pins extending between thae swivel
110 ahd the liner 100 being arranged to disengage from the
liner 100 when the swivel 110 is moved downwards as
elevated fluid pressure is applied to the string 106,

It will be apparent to those of skill in the art that
the liner hanger thus formed is relatively aimple and slim
in profile, thus providing enhanced reliability ang
minimising the loss of diameter between the casing . and
liner,

It will also be apparent to those of gkill in the art
that the above described embodiments are merely exemplary,
and that various modifications and improvements may be made
thereto without departing from the Scope of the present
invention. For example, although reference is made
primarily- herein to liner hangers, the  invention may be
utilised in locating and sealing many different forms of

expandable tubing in existing tubing.
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1. A method of installing a liner in a drilled bore below
a section of bore previously lined with casing, the method
comprising the steps of:

runniﬁg a length of line; into the bore sguch that at
least an upper end of the liner is positioned in
overlapping relation with at least a lower eng of the
casing; and

Plastically deforming a portion of the liner guch that
an external face of said portion forms an interference fit
with an internal face of a portion of the casing to provide
at least one of hanging support for the liner ang a fluid-

tight seal between the liner and. casing.

2. The method of claim 1, wherein said portion of liner
is deformed by rolling expansion, that is an expander
member is rotated within the liner with a face in rolling
contact with an internal face of said portion, to cause
compressive plastic deformation °f the liner and a
localised reduction in wall thickness iesulting in a

subsequent increase in liner diameter.

3. The method of claim 1 or 2, wherein said deformed

portion of the liner is annular.

4. The meﬁhod of claim 1, 2 or 3, wherein the portion of"
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liner is deformed to create a Pressure-tight seal between

the liner and casing.

s. The method of claim 4, wherein the geal formed ig a

metal-to-metal seal.

6. The method of claim 4 or 5, further compriging
providing the portion of liner with a band of relatively
goft metal which ig plascically deformed during the

expansion of the liner portion.

7. The method of any of the preceding claims, wherein the
portion of liner is deformed to extend into a preformed

profile in the casing.

8. The method of claim 7, further comprising deforming
the casing to define the profile prior to running the liner

into the bore.

9. The method of claim 7, further comprising deforming

the portion of casing together with the liner.

10. The hethod of any of the pPreceding claims, wherein the

liner is deformed at two or more axially spaced locations.

11. The method of any of the preceding claims, wherein the

liner. is initi;lly secured relative to the casing by

.deforming the liner by radially extending circumferentially
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12. The method of claim 11, wherein said areas are thep

13. The method of any of the bPreceding claimsg, further

comprising the atep of cementing the linexr in the bore.

14. The method of claim 13, wherein cementing ig achieved
by pumping cement from surface to the lower end of the
liner~through a combined running and cementing string and
tool, directing the cement into the annulug between the
liner and the bore wall and diaplacing fluid from the
annulus, to aubat:antially £i1l the aruiulus with cement.

16. The method of claim 1s, wherein the liner is rotated

as the cement is passed into the annulus.

17. The method of any of the preceding claims, wherein the

-liner is run into the bore on a running tool cafr?ing an

expander 'inci‘uding a body and at least one radially
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extendable member mounted thereon, the running tool being

rotatable to move the member around the portion of the

liner to create the desired deformed portion.

18. A method of securing a liner in a drilled bore to

section of previously fitted casing, the method comprising

the step of deforming a portion of the liner by compressive

- plastic deformation to produce a localiged reduction ip

wall thickness and subsequent increage in diameter such
that an external face of said portion forms an interference
fit with an internal face of a portion of the casing to
provide_at least one of hanging support for the liner and

a fluid-tight seal between the liner and casing.

19. The method of claim 18, wherein said portion of liner

is deformed by rolling expansion.

20. A liner running and setting tool compriaingz a body
for mounting on a runhing string and for location within a
section of liner to be positioned within a section of
casing; and a radially extendable expander member mounted
on the body, the member being movable to plastically deform
a portion of ﬁhe liner section such that an external face
of the portion forms an. interference fit with an internal
face of a portion of the casing section to provide at least
one of hanging support for the liner ang a fluid-tight seal

between the liner and casing.
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21. The tool of claim 20, wherein the tool is adapted to
be selectively rotatable relative to the liner and the
expander member is a roller such that the portion of liner
may be deformed by rolling expansion, that is the expander
member is rotated within the liner with a face in rolling

contact with an internal face of said portion.

22. The tool of claim 21, wherein the roller defines a
raised surface portion to create a high pressure contact

area.

23. The tool of claim 22, wherein the tool is provided

with two or more rollers.

24. The tool of claim 23, wherein a Plurality of the

rollers arxe radially movable.

25. The tool of any of claims 20 to 24, wherein the member

is fluid pressure 'éci:uated.

26. The tool of claim 25, wherein the member is coupled to
an axially movable piston, the Piston defining a cam face

for engaging a cooperating cam face on the member. .

27. The tool of any of claims 20 to 26, wherein the tool
defines a through bore to permit fluid to be passed through

the tool.
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28. The tool of any of claim 2¢ to 27, wherein the tool
comprises a coupling for releagsably engaging the liper to

permit transfer of torque therebetween.

29. The tool of any of claims 20 to 28, in combination
with a section of liner, wherein at least the portion of

liner to be expanded is of a relatively ductile material,

30. The tool and liner combination of claim 29, wherein
the portion of liner includes an annular band of relatively
soft material on an outer surface thereof,

31. The tool and liner combination of claim 29 or 30,
wherein the portion of the liner carries relatively hard
material on an external face,. which material will tend to
bite into the opposing faces of the liner andg casing to

provide a more secure coupling therebetween.

32. The tool and liner combination of claim 31, wherein
the hard material is in the form of relatively small

discrete pieces.

33. The tool and liner combination of claim 32, wherein

the hard material is held in a matrix of softer material.

34. A solid liner wherein at least a portion of the liner
is of a relatively ductile materzal to fa0111tate radlal

expansion thereof
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locating a radially extendable tool within saig portion;
and activating said tool to plastically deform said portion
into contact with the existing tubing and anchor the

expandable tubing thereto.

36. A me—thod of anchoring expandable tubing in a drilled
bore to a section of existing casing, the method comprising
the step of deforming a portion of the tubing by
compressive plastic deformation to produce a localiged
reductipn in wail thickness and subsequent increage in
diameter such that an external face of said portion forms
an interference fit with an internal face of a portion of

the casing.

37. The method of claim 36, wherein said portion of tubing

is deformed by rolling expansion.
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